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NOTICES

When Government drawings, specifications, or other data are used for any
purpose other than a definitely related Government procurement operation, the
Government thereby incurs no responsibility nor any obligation whatsoever.
The fact that the Government may have formulated, or in any way supplied the
said drawings, specifications, or other data, is not to be regarded by impli-
cation, or otherwise, as in any manner licensing the holder or any other
person or corporation; or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related thereto. 0

The mention of trade names or commercial products in this publication is for
illustration purposes and does not constitute endorsement or recommendation
for use by the United States Air Force.

Do not return this copy. Retain or destroy.

Please do not request copies of this report from the USAF Occupational and
Environmental Health Laboratory. Additional copies may be purchased from:

National Technical Information Service
5285 Port Royal Road S
Springfield, Virginia 22161

Government agencies and their contractors registered with the DTIC should
direct requests for copies of this report to:

Defense Technical Information Center (DTIC) 0
Cameron Station
Alexandria, Virginia 22314

This report has been reviewed by the Public Affairs Office and is releasable
to the National Technical Information Service (NTIS). At NTIS, it will be
available to the general public, including foreign nations. .5

This technical report has been reviewed and is approved for publication.
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1. 7.f

On 3 Feb 84, the Air National Guard Support Center (ANGSC/SGB), Andrews
AFB, Washington DC, requested the USAF Occupational and Environmental Health

" Laboratory (USAF OEHL) conduct an on-site wastewater treatment plant (WTP)
survey to evaluate the efficiency of the plant. In addition, they requested
USAF OEL provide the materials necessary to collect, preserve and ship water
samples from five monitoring wells at the site. A survey was conducted at
Otis ANG Base between 16 and 21 Mar 84 to accomplish these tasks.

The objectives of the survey were to: (1) characterize the wastewater
influent, (2) determine the loadings and removal efficiencies of the plant.
(3) identify problem areas, and (4) recommend possible solutions. The para-
meters of particular interest to the base were Ammonia-Nitrogen, Nitrate- 6
Nitrogen, Biochemical Oxygen Demand (BOD), Phosphorus, Iron, Alkalinity,
Sodium, Total Dissolved Solids (TDS), Total Kjeldahl Nitrogen, and Coliforms.

II. 3ACUKGOUI.

A. Introduction

Otis ANG Base, home of the 102 Fighter Interceptor Wing, is approxi-
mately 60 miles southeast of Boston MA. The effective population was approxi-
mately 2,600 during the survey. The population increases to an average of
about 3,500 during the summer months when troops arrive for training.

Cliastic data for Otis includes an annual daily maximum temperature of
570F and a mean precipitation of 47.8 inches. Precipitation during the survey
averaged 0.25 inches/day. Daily production of drinking water during the same
period averaged 434,750 gallons per day (gpd).

The WTP has been in operation since 1941. The plant underwent major
modifications to the flow meters, discharge valves and reconstruction of sand
beds in Sep 83. The facility consists of a comminutor, parshall flume, skim-
sing tank, Imhoff tank, two high rate trickling filters, two final settling
tanks, sand filters (percolation beds) and sludge drying beds. A flow diagram

of the plant is shown in Figure 1, which excludes the sludge drying beds.

Flow data from Oct 81 to Mar 82 indicate that the average wastewater
volume treated was 0.5 million gallons daily (mgd) with a peak flow of 1.0
mgd. The new flow meters indicate the average flow is closer to 0.3 magd, with
a peak flow of approximately 0.6 mgd.

B. Facility Description

All the influent wastewater flows through the bar screen or commi-nutor shown in Photo 1. Our flow measuring device was installed adjacent to

the parshall flume as shown in Photo 2. The parshall flume is 9 inches in
width.

1 ,
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Photo 1: Bar screen and Comminutor, Otis ANI3 Base Wastewater
Treatment Facility. Mar 84.

40

Photo 2: Parshall Flume, 4jtis ANG Base Wastewater Treatment
Facility, Mar 84.
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The purpose of the skimming tank. shown in Photo 3, is to remove oil
and grease and other floating materials from the wastewater before further
treatment. Compressed air is used to aid in the formation of floating mate-
rials and prevent deposition of solids.

Photo 3: Grease Skimming Tank. Otis ANG Base Wastewater Treatment
Facility, har 84.

40
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The Imhoff tanks, shown in Photo 4, are designed to remove settleable
* solids and digest the accumulated sludge. The frequency of sludge removal
* from the Imhoff is estimated to be once a year. The Imnhoff tanks have a vol-

un. of 153.000 Sal ad a surface area of 4.500 ft2 each.

Photo 4: Imhoff Tanks, Otis ANG Base Wastewater Treatment Facility,
Mat 84.

OA5
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The effluent from the Imhoff tanks drains into one of two high rate
trickling filters (see Photo 5). Each trickling filter has a surface area of
7,854 ftA, a filter media depth of 3 feet and a filter media volume of 23,560
ft. They are designed for a hydraulic loading of approximately 16 ad/acre-
ft (367 gpd/ft') and an organic loading of 25-300 lbs BOD/1000 fts day. Photo
6 shows the stone media used in the trickling filter, and the nozzles which
distribute the wastewater over the media.

n

Photo 5: East Triokling Filter, Otis ANG Base Wastewater Treatment
Facility, Mar 34.

S. "
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Photo 6: Filter Media, Otis AMG Base Wastewater Treatment Facility,
Mar 84.
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The effluent of the trickling filter then enters the final settling
tank, which is a circular upflow unit (see Photo 7). The tank has a volume
of 257,000 Sal, a surface area of 4,299 ft', and a weir length of 233 ft. A
portion of the effluent is recirculated to the Inhoff tank (see "Results and -. . -

Discussions* section).

-7.

. ..........

Photo 7: East Final Setting Tank, Otis ANG Base Wastewater Treatment
Facility, hr 84.

The recirculation flow is controlled by three pumps. The capacities
of the pumps are 1,000, 2,000 and 3,000 gallons per minute (gpm). Pumps can
be operated separately or together, as the influent wastewater volume varies,

* to optimize the treatment process. The 2,000 gp. pump is normally used by
* plant operators. On March 20 the 2,000 gpm recirculation pump was shut down
* and the 1,000 Spa pump was put into operation. This was done primarily to

reduce the hydraulic loading of the trickling filter and to increase the
detention time in the final settling tanks. The biomass on the trickling
filter media was not able to acclimate to this new loading in the remaining
time of the survey. Normally, several weeks are required for a biological
system to adapt to new steady state conditions. However, it did show that the
lo- l
• euc hehdruicladn o8h trcln0itrad oices h
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Recent modifications to the facility included equipment to chlorinate but
not the installation of a chlorine contact tank. Chlorine is not presently "
being added. The travel time in the distribution pipes to the sand filters
provides *contact time* for disinfection. Civil EngineerinS personnel have
determined that at a flow rate of approximately 250,000 gpd, the time of
travel in the distribution lines, was 24 minutes. However, mixing may not be
sufficient for effective disinfection.

The effluent from the plant discharges to a natural sand formation
(Photos 8-11) and becomes groundwater recharge. Photos 8 and 9 show four old
sand beds that were in use before the plant modification (beds I through 4 in
Figure 2). A new piping system was installed and eight sand beds rehabili-
tated to use a larger segment of the formation and to increase the capacity
for discharge (Photos 10 and 11). This added eight new sand beds (No. 5
through 12), each with a capacity similar to the old beds of 100,000 gpd. Use
of beds 1 through 4 will be discontinued. Therefore, the total capacity will
be approximately 0.8 mgd.

? -0
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Photos 8-9: 01d Sand Beds, Otis ANiG Base Wastevater Treatment Facility.

Mar 84.
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Photos 10-11: Rehabilitated Sand Deds, Otis ANG Base Wastewater Treatment
Facility, Mat 84.

12
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Photo 12: Sludge Drying Beds, Otis ANG Base Wastewater Treatment Facil-
ity, Mar 84.

Until Jun 84, effluent from the facility was distributed to only one
of the old sand filters at a time. The effluent was alternated between beds 3
and 4 principally, and infrequently to beds 1 and 2 (see Photo 3). The period
that one particular bed was used varied from one week to several months, with
no real criteria used for switching to another bed. Beginning Jun 84, the
effluent will be distributed to the eight rehabilitated sand beds (Figure 2).
The method of distributing the effluent will be changed so that only 5
gal/ft2/day of effluent will pass through a filter (a decrease from the 15-20
gal/ft2/day now applied). The distribution mechanism was automated to
facilitate this operation.

Sludge from the Imhoff tank is discharged to a new sludge drying bed
and a leachat. collection pond that has a 50,000 gal capacity (Figure 2).
Each has a surface area of approximately 4,500 ft'. Leachate that is
collected is pumped to the Imhoff tank. The weather dried sludge is disposed
of in the sanitary landfill located on base. Base personnel are in the

L process of bringing the landfill into compliance with state requirements.

13 "
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C. Groundwater Monitoring Requirements

The Division of Water Pollution Control (DWPC) for the State of "

Massachusetts issued a draft groundwater discharge permit to Otis ANG Base
on 9 Mar 84. The permit does not have the "weight" of an interim or final
permit, but it is intended to provide a starting point for all concerned to
reach an equitable arrangement. The DWPC determined that the "operation of
the wastewater facility has resulted in the extension of an effluent plume
zone of influence whose impact has led to the closure of a Falmouth municipal
water supply source." A specific concern of the DWPC is the inadequate disin-
fection of the effluent, and they require the facility to be upgraded. Other

concerns are the discharge of nitrogen and phosphorus. The discharge permit -
issued includes limits applicable both before and after any required modifica-
tions (see Table I). Some parameters specified to be monitored after modifi-
cations have been made did not have limits established and/or sampling techni-
quo specified.

Otis ANG Base is also required to monitor five monitoring wells locat-
ed as shown in Figure 2. These wells were installed as the result of a memo-
randum of agreement (MOU) between the U.S. Environmental Protection Agency and
the Air Force on 31 Aug 83. The U.S. EPA was concerned about nitrate levels
in the groundwater that may result from the effluent of the facility. Well
installation was completed in Dec 84 and they are sampled on a weekly basis in
accordance with the OU.

The DWPC Draft Discharge Permit, in addition to the effluent require-
ments, also requires at least three wells to be installed to monitor the sand

beds. The analyses required are shown in Table II. Maximum contaminant
levels have not been set by the state for these parameters. The wells instal-
led as a result of the MOU may also fulfill the state's requirements.

III. NTO0DS NMATMIALS

Influent flows were monitored continuously using a Manning F-3000A flow-
meter. The flow measuring device was calibrated at 6.03 inches maximum liquid

level. The plant ultrasonic level transmitter flow measuring device was also
installed in the parshall flume. Recirculation flow rates were determined
from the digital flow meter at the pump locations.

Four sampling locations were established in the treatment facility. These
sites are listed in Table III and shown in Figure 1. Collection of daily com-
posite samples was accomplished at Stations 1-4. Equipment used for this put-
pose were the ISCO Automatic Wastewater Composite samplers, Model 2100 and
1580. Also, daily grab samples were collected for those analyses requiring
this type of collection.

Our team performed BOD-5, total suspended solids, total dissolved solids,
total coliform, orthophosphate, pH, temperature, and dissolved oxygen tests
on-site. Other chemical analyses were conducted at the USAF OEDL, Brooks AFB
TX. Unit processes and operations were evaluated mainly by determining BOD-S
and TSS reduction because design criteria are available for these parameters.

14
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Chemical analyses for the water samples collected from the monitoring wells
were also conducted at USAF OEHL. All analyses were performed in accordance

with Standard Methods for the Examination of Water and Wastewater, 15th Ed..
1980 end U.S. EPA approved analytical metnods.

I 0

Table I

Draft Disoharge Permit Requireants ft Otis AUG Bass
Wastewater Treatmeat Plant, 9 Mar 84

Discharge Limitations
Modification Sampling

Effluent Characteristics Before After FreO. TXne2

Flow cu. r/day (mgd) 0.8 0.8 daily weir

Biochemical Oxygen Demand-S day (mg/L) 30 30 2 x week 8-comp

Total Suspended Solids (mg/L) 30 30 2 x week 8-comp

Total Coliform Bacteria (organisms/ 1000 1000 weekly grab

100 N) .

Settleable Solids (mL/L) 0.1 0.1 daily grab

pH (units) 6.5-8.5 6.5-8.5 daily grab

Nitrate-Nitrogen as N (ms/L) NA 10.0 weekly 8-comp

Total Nitrogen as N (mg/L) NA 10.0 ..

Total Kjeldhal Nitrogen as N (aS/L) NA NA monthly 8-comp

Ammonia as N (ms/L) NA NA weekly 8-comp .

Phosphorus (mg/L) NA 1.0 s.

Oils & Grease (mg/L) NA 15.0

Fluoride (mg/L) NA 2.4 Ce CC

Chlorine (mg/L) NA 1.0 daily grab

Boron (agiL) NA 20.0 monthly grab

MBAS (mg/L) NA 1.0 monthly 8-comp 9

48-comp refers to 8-hour composite samples
**Effluent standard was included in the permit but sampling information was
not.

15It_



Table 11

Draft DissbaaMge Permit Requirements for Otis AUG Bass
Hmeitering Wells, 9 Mar 14

Chemical Analysis SARi ina Freauencv

Arsenic 1 x annually
Total Trihalomethanes 1 x annually
Lead 1 x annually
mercury 1 x annually
Ammonia Nitrogen 1 x monthly
Nitrate Nitrogen 1 x monthly
Nitrite Nitrogen 1 x monthly
Sodium 1 x monthly
PH1 motl
Specific Conductance 1 x monthly
Chloride 1 x monthly
Static Water Level 1 x monthly
Total Dissolved Solids 1 x annually
NMBAS 1 x annually
Total Coliform 1 x annually4
Barium 1 x annually
Cadmium 1 x annually
Chromium 1 x annually
Selenium 1 x annually
Silver 1 x annually
Total Phosphorus 1 x annually
Boron 1 x annually
Total Volatile Organics 1 x annually
Iron I x annually
Manganese 1 x annually

Table III

Sample Loeations; Used for the Wastewater Treatment Plat Evyaluation
Otis ANS Base, Harsh. 1384

1 Influent
2 Imhoff Tank Effluent
3 Trickling Filter Effluent
4 Final Settling Tank Effluent

*so* Figure I
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IV. IBULTS AN DISCUSSIONS

A. Flow Measurements

The average daily influent flow rate was found to be 0.23 mgd (159
Spm), which represents a water use rate of approximately 90 gal/capita-day.
The correlation between our flow measuring device and the facility's flow
recorder was excellent. Figure 3 shows the average hourly variation in the
influent flow rate which is typical of a small community.

2.5

2.0

0. 1.5 -

00

1.0-

0.5

0' 6 '12 2~~ 4!
TIM (Hours)

Figure 3. Average Hourly Influent Flow Rates, Otis ANG Base Wastewater Treat-
ment Facility Evaluation, Mar 84

00

The recirculation flow while the 2,000 Spa pump was running was 2.25 mgd
(1,560 gpm) and averaged 1.68 mgd (1,170 gpm) when the 1,000 Spa pump was
operating. Therefore, the average total flow through the facility itself was
2.48 mgd with the 2,000 Spm pump and 1.91 ugd with the 1,000 Spa pump.

The recirculation ratio (the recirculated flow to the average influent
flow) was 9.8 for the 2000 Spa pump and 7.3 for the 1000 spm pump. The normal
range for recirculation ratios is 0.5 to 4.0. A ratio of greater than 4 does - m -

not materially increase the efficiency of the filters(l). The high reoircula-
tion rate is necessary, however, at Otis because the hydraulic loading through
the trickling filters needs to be maintained (see Section IV.C.).

177.~~ . . .. .



B. Wastewater Characterization

Table IV summarizes the results of the chemical analyses requested by
the base from samples taken during the survey. The wastewater entering the
facility can be characterized as a light strength municipal waste, with aver-
age organic content, as indicated by the BOD-5 concentration of 130 mg/L.

C. Facility Performance

The removal efficiencies for each process are shown in Table IV.
Overall removal of BOD-5 and TSS were 89 and 97 percent, respectively, which
is unusually high for this type of plant. These high removal efficiencies may
be because the organics are in a suspended solid form, or particles (which are
more amenable to removal by sedimentation) rather than a soluble form which
would require biological oxidation. The results, however, also indicate that
the high recirculation rate to the Imhoff diluted the influent wastewater.
Because of the dilution, the trickling filter/secondary clarifier efficiency
was reduced. This is shown by the removal of only 27 percent of the BOD-5
through these processes. According to the NRC Formula (1) (developed as a
result of extensive analysis of operational records of stone media filters
serving military installations), the efficiency should have been approximately
85 percent. The reduced efficiency was probably due to the low BOD-5 concen-
tration entering the trickling filter (only 18 mg/L). The reduced performance
of the trickling filter is also important when considering the other chemical
parameters, such as ammonia and phosphorus.

The parameters which exceeded the permit standards were Total Kjeldahl
Nitrogen (TIN),'Total Phosphorus and coliforms. Ammonia represents all of
the organic nitrogen entering the plant (TN equals Ammonia, which is included
in the T]N analyses). Only 34 percent of the influent ammonia was oxidized
during treatment. The poor oxidation of ammonia is largely due to the less
than optimum environmental conditions or parameters. Three of these important
parameters in the nitrification process (ammonia oxidation) aretemperature, " . -

pH and detention time. Optimum pH is near 8.4, and the nitrification rate is
reduced at temperatures of about 86C. Three years of operational data indi-
cate a seasonal variation in the degree of nitrification due to fluctuations
in temperature. Appendix I shows the results of on-site analyses. Tempera-
ture values were less than 8°C and the pH averaged approximately 7.5. The
nitrification process was further hindered by the reduced detention time
provided by a high rate trickling filter.

Phosphorus and coliforms were not reduced in the facility because the
processes and operations necessary to do so are not used at the plant. Chemi-
cal precipitation would be necessary to reduce phosphorus, and chlorination
(or other suitable disinfectant) is necessary to reduce the coliform count.
(The coliform analyses show an average of 332,233 colonies/100 ml was in the
effluent).

18
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Table IV

Unit Prooess Removal Iffieieies for Otis ANG Base
Wastewater Treatment Fasility, March 1964.

STATION
Present .

Paramete.r 1 2 3 .4_L Standards Removal

BOD-5 130 is 13 13 30 90
Nitrogen, Total Kjeldahl 27 .20 18 18 NA 33
Ammonia 27 20 17 17 NA 37
Nitrate 2 2 2 2 NA 0
Total phosphorus (as P) 4 4 3 4 NA 0
Ortho-phosphate (as P) 23 23 23 23 NA 0
TSS 120 14 4 4 30 97
TDS 103 93 80 107 NA NA
Iron 0.56 0.25 0.34 0.23 NA 59
Sodium 36 37 37 36 NA NA
Alkalinity 98 57 43 25 NA NA
Coliforms NA NA NA 338.333 1,000 NA

*All units are mg/L except coliform which is colonies/100 mL.

The facility was further evaluated by determining the loading param-
eters shown in Table V. The values were calculated using both recirculation
rates for comparison. In general, the 2,000 gpm recirculation rate resulted
in better loadings than the 1,000 Spa pump. All loadings, however, could be
considered normal, except for the organic loading of the trickling filter.
This result helps substantiate the earlier findings of reduced BOD-5 removal
in the trickling filter, and most likely contributed to the unfavorable envi-
ronmental conditions in limiting the reduction of the ammonia concentration.

D. Well Data

The analytical results of the well samples taken during the survey
are given in Appendix II. Samples were taken at five points in the well.
These values are averaged for each well and are presented at the end of the
Appendix.

ML_
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Table V -

Unit Process Loadiag Parameters for Otis AND
Wastewater Treatment Facility, March 1j84

Actual Loading
Recirculation Recommended

Process Units 2,000 1,000 Loadina*

Inhoff tank

Surface Loading gpd/ft2 551 424 500-700
Detention Time Avg. hours 1.5 2.0 1.5-2.5 -

Trickling Filter

Hydraulic Loading gpd/fta 315 243 230-900
Organic Loading lbs BOD-5/day/ 16 12 25-300

1000-fts ,

-Final Settling Tank

Surface Loading gpd/fta 577 444 500-700
Veir Loading gpd/ft 10,644 8197 (15,000

* Water Pollution Control Federation

V. OBS VATIONS AND CONCLUSIONS

A. The plant is meeting all current applicable draft permit requirements
(Table I, "before") except total coliform bacteria.

B. The facility may not meet future permit requirements for Total Nitro-
Sen and phosphorus, unless modifications are made to either the facility or
the permit requirements. In addition, the chemicals monitored did not include -

oil and grease, fluoride, boron or IBAS. Therefore, conclusions concerning
these chemicals cannot be made at this time.

C. The plant is under utilized even when considering the increased flows
that occur in the summer months. Half the plant can handle 1.5 magd, and the
average influent flow was found to be only 0.23 mgd.

D. There are sufficient controls, i.e., recirculation pumps, to handle
varying waste loads.

E. The recirculation rate, while providing good hydraulic loading, is
excessive and dilutes the organics concentration, i.e., DOD, which is
necessary for optimum efficiency of the trickling filter.

-' F. The lack of disinfection is causing excessive coliform counts.

20



VI. RIWUIIDATIONS

A. Continue discussions with the state to obtain agreeable standards for
the permit, especially for phosphorus and colifoas.

B. Consider the installation of a chlorination tank, not only to reduce .
coliform counts. but also to aid in the oxidation of amonia (and, therefore,
TIN) during the winter months. A chlorination tank would probably provide
better conditions for disinfection and ammonia reduction, because of the
increased mixing provided by a baffle system. If a unit is installed, at
least 20 minutes contact time should be provided.

C. By-passing some of the flow through the Imhoff tank or reducing the
detention time in the Imhoff should be considered in order to increase the
organic loading to the trickling filter. This should increase the organic
loading on the filter and stimulate the growth of biomass. Better assilmila-
tion of phosphates should result.

D. In the future if the final discharge permit includes oil and
grease, fluoride, boron, and NBAS. the USAF OEHL can provide sample containers
and analytical services for these analyses.

21
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7 .777 9

LIST OF ABBREVIATIONS

1. ANG -Air National Guard

*2. ANGSC -Air National Guard Support Center.
Andrews AFB ND 20331

-3. DOD-S -Five day, 200C, Biochemical Oxygen
Demand

*4. ft1  -Square feet

-S. fts -Cubic feet

-6. FIV -Fighter Interceptor Wing

7. gal -gallons4_

*8. gpd -gallons per day

*9. Spmn -gallons per minute

*10. in -inches

11. lbs -pounds

12. NBAS -Methylene Blue Alkyl Sulfonates

13. mgd -million gallons per day

*14. mg/L -milligrams per liter

*15. EL -milliliters

16. NRC -National Research Council

17. TDS -Total Dissolved Solids

*18. TSS -Total Suspended Solids

19. Ps/L -micrograms per liter

*20. U. S. EPA -United States Environmental Protec-7
tion Agency

21. USAF 0EM -United States Air Force Occupational
and Environmental Health Laboratory,IL
Brooks AFB TX 78235

*22. WTP -Wastewater Treatment Plant
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APPENDIX I

ON-SITE ANALYTICAL TESTS RES1ULTS OTIS ANG
BASE WASTEWAER PLANT EVALUATION, MARCH 1984
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APPENDIX 11

WELL SAMPLING ANALYTICAL RESULTS OTIS AHO

BASE WASTEWATER PLANT EVALUATION, MARCH 1984

* 26
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DATELABORATORY ANALYSIS REPORT AND RECORD (General) 24 Apr 84

Brooks AMD TX 78235
ISAMPLE IDENTITDAERCID

WATER Well No. 1 27 Nar 84
SAMPLE FROM A OTO M

TET Otis ANG Base, MA

VOLATILE EALOCARDOMS

NIMODOLOGY: EPA METHOD 601
OWEL # 16485 16486 16487 16488 16489 DET.
BASE # GN840221 GN840222 GNS40223 GNS40224 GNS40225 LIMIT

Bromdichorostha0
Bromodiorcsthn ND ND ND ND ND 0.1

rooomND ND ND ND ND 0.2
Drofosiothane ND ND ND ND ND 1.0
Carbon Tetrachiorid. ND ND ND ND ND 0.1
Chiorobeae. ND ND ND ND ND 0.2
Chioroethane ND ND ND ND ND 0.5
2-Chloroethylviayl ether ND ND ND ND ND 0.1
Chloroform ND ND ND ND ND 0.1
Chloromethane ND ND ND ND ND 0.1
Dibroinochlorcse than. ND ND ND ND ND 0.1
1,2-Diablorobenzese ND ND ND ND ND 0.2
1,3-Dichlorobenzene ND ND ND ND ND 0.2 .

1.4-Dichlorobenzene NDNDDNDD0.
Dichlorodifluoromethaa. N ND ND ND ND 0.12..

1,-ihootaeND ND ND ND ND 0.2
1.1-Dichloroethaso ND ND ND ND ND 0.2
1.2-Dichlorootheae ND ND ND ND ND 0.1

trans-1,2-Dichloroetheae F.3 1.8 ND) ND ND 0.1
1,2-Dichloropropaie ND ND ND ND ND 0.1
ci. 1.3-Dichloropropene ND ND ND ND ND 0.2
trans-1,3-Dichloropropene ND ND ND ND ND 0.2
Nethylene Chloride ND ND ND ND ND 0.2
1,1,2.2-Tetrachioroethans ND ND ND ND ND 0.1
Totrachloroothyloe 20 3.4 ND ND ND 0.1
1.1.1-Trichloroethane ND ND ND ND ND 0.1
1,12-Trihloroethane ND ND ND ND ND 0.1
Trichioroethylene 5.1 0.9 ND ND ND 0.1
Trichlorofluoromethane ND ND ND ND ND 0.1
Vinyl Chloride ND ND ND ND ND 0.2

RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS 7hAM THE DETECTION LIMIT
TRACE - PRESENT BUT LESS ThAN TRE QUANTITATIVE LIMIT

LeROY P. GEORGE, GS-12
_____________________________Chief, Trace Organic* Section

REQUESTING4 AGENCY (MaiinI Adres)

BROOMS AM TX 7

AMD F00 641 REPLACES OENL FORM 709C 78. WHICH IS 600LI[1E.

28



LABORATORY ANALYSIS REPORT AND RECORD (General) AT r 845Apt 84
ISTO: , , I MF : U I U j~]IE L 15m A'

Brooks AFR TX 78235
SAMPLE IDNTITYDAERCID

WATER Well No. 1 27 Mar 84
SAMPLE FROM LXH CONTROL 9"

Otis ANG Base, MA
TEST Por .A TVOLATILE AROMATICS .. .

METiODOLOGY: EPA 602
OUIL # 16490 16491 16492 16493 16494
BASE 0 GN840226 GN840227 GN840228 GN840229 GN840230 .

BENZENE ND(1.0 ND(1.0 NI)1.0 ND)1.0 ND(1.0

CHLOBEMELE ND(1.0 ND<1.0 ND(1.0 ND<1.0 ND(1.0

1,2-DICHLOROBWIZNR4 ND<2.0 N)X2.0 ND<2.0 ND<2.0 ND<2.0 Le

1,3-DICHLOROBNZDE ND<2.0 ND<2.0 ND<2.0 ND<2.0 ND<2.0

1.4-DICLOROBHZENE ND<2.0 N1)2.0 ND<2.0 ND(2.0 ND(2.0

SI!E!RLBENZ NE ND(1.0 ND<1.0 ND<1.0 ND(1.0 ND(1.0

TOLUENE ND<1.0 ND)1.0 NI)1.0 ND(1.0 ND(1.0

RESULTS IN MICROGRAMS PER LITER_
ND - NONE DETECrED, LESS THAN THE DETECTION LIMIT
TRACE - PIESENT BUT LESS THAN THE QUANTITATIVE LIMIT

LEROT P. GEORGE
Chief, Trace Organic* Section

ERIC A. RANWS, iLt, USAF
Chemist, Trace Organios Section

L

REQUEST ING AGENCY (EMatbd Ad*..a)

14 29
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DATE
LABORATORY ANA LYSW REPORT AND RECORD (General)24Ar8

Brooks AMD TX 78235
ISAMPLE IDENTITYDAERCVE

,WATER Well No. 2 27 Mar 84
SAMPLE FROM LBCNRLN

Otis ANG Base, MA
TEST FOR

VOLATILE RALOCAIBONS

METHODOLOGY: EPA METHOD 601
OHL # 16475 16476 16477 16478 16479 DET.
BASE # GN840211 GN840212 GN840213 GN840214 GN940215 LIMIT

Bromodichlorouethane ND ND ND ND ND 0.1
Brosoform ND ND ND ND ND 0.2
Brosomethane ND ND ND ND ND 1.0
Carbon Tetrachloride ND ND ND ND ND 0.1
Chiorobenzene ND ND ND ND ND 0.2-
Chioroethane ND ND ND ND ND 0.5
2-Chioroethylvinyl ether ND ND ND ND ND 0.1
Chloroform ND ND ND ND ND 0.1
Chioromethane ND ND ND ND ND 0.1
Dibromochloromethane ND ND ND ND ND 0.1 .

1,2-Dichlorobenzene ND ND ND ND ND 0.2
1,3-Dichlorobenzene ND ND ND ND ND 0.2
1,4-Dichlorobenzene ND ND ND ND ND 0.2
Dichlorodifluoromethane ND ND ND ND ND 0.1
1,1-Dichloroethane ND ND ND ND ND 0.2
1,Z-Djchloroethane ND ND ND 1.7 ND 0.2
1,1-Dichloropthene ND ND ND ND ND 0.1
trans-1.2-Dichloroethele 6.8 41 25 89 12 0.1
il2-Dichioropropane ND ND ND ND ND 0.1
cis-1,3-Dichloropropene ND ND ND ND ND 0.2
trans-1,3-Dichioropropene ND ND ND ND ND 0.2
Methylene Chloride ND ND ND ND ND 0.2
1,1.2,2-Tetrachloroothane ND ND ND ND ND 0.1
Totrachioroethylene 1.6 4.4 2.2 4.5 2.4 0.1
1,1,1-Trichloroethane ND ND ND ND ND 0.1
1,1,2-Trichloroothans ND ND ND ND ND 0.1
Trichioroethylene ND ND ND 1.5 ND 0.1
Trichlorofloromethane ND ND ND ND ND 0.1
Vinyl Chloride ND ND ND ND ND 0.2

RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE -PRESENT BUT LESS THAN 111E QUANTITATIVE LIMIT

LeROY P. GEORGE, OS-12
_____________________________Chief, Trace Organics Section

REQUESTING AGENCY (Mailng Address)

BROOKS AnD TX

AMD FO 641 REPLACES OENL FORM 7,0D9C 7S, WNICN IS OOWLETE.

3n



LABORATORY ANALYSIS REPORT AND RECORD (General) DATE

5 Ar84

Brooks AFB TX 78235
* SAMPLE IDENTITYDAERCnU

*WATER Well No. 2 27 Mar 54
SAMPLE FROM LDCNRLM

Otis ANG Base, NA
TEST FOR0

VOLATILE AROMATICS

METODOLOGY: EPA 602
OL # 16480 16481 16482 16483 16484

*BASE # GNS40216 GN840217 GNS40218 GNS40219 GS4022O

BNEEND(1.O ND(1.0 1.6 NIX1.O ND(1.0

CHOROBENZm4E ND(1.O ND(1.0 ND(1.O ND(1.0 ND(1.0

1,2-DICDLOROBENZENE ND(2.0 ND<2.O ND(2.O NIX2.O ND(2.O

1,3-DICULOROBENZENE ND(2.0 ND<2.O ND<2.0 ND(2.O ND(2.O

1,4-DICLORODENZENE ND(2.O ND(2.0 ND<2.O ND(2.0 ND(2.O

ETHYLBENZENE ND<1.0 ND<1.O ND<1.O ND(1.0 ND(1.0 fa

TOLUENE 1.1 ND(1.O ND<1.0 ND(1.0 ND(1.O

RESULTS IN MICROGRAMS PER LITR
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

LEROY P. GEORGE
Chief, Trace Organics Section

- ERIC A. BANKS, iLt, USAF
Chemist, Trace Organics Section 9

* REQUESTING AGENCY (Mailind Address)

USAF OHEL/ECO
BROOKS AFB TX 78235

AD 'R 641 REPLACES OEHL FORM 7..OEC Too WNICM IS OP&OLETE.



LABORATORY ANALYSIS REPORT AND RECORD (General) D4ATE

TO: ROM:USAF OEHLISA
Brooks AnB TX 78235

SAMPL LIDENTITYU -"CIE

WATER Well No. 3 27 Mar 84
SAMPLE FRO ME9CTRLN

Otis ANG Base, HA
T EST FOR

VOLATILE HALOCARBONS

NETHODOLOGY: EPA M~OD 601
OUHL # 16465 16466 16467 16468 16469 DET.
BASE # GNS40201 GNS40202 GNS40203 GN840204 GNS40205 LIMIT

Bromodichloromethans ND ND ND ND ND 0.1
Bromoform ND ND ND ND ND 0.2
Bromomethane ND ND ND ND ND 1.0
Carbon Tetrachloride ND ND ND ND ND 0.1
Chlorobenzoe ND ND ND ND ND 0.2
Chioroethane ND ND ND ND ND 0.5
2-Chioroethylvinyl other ND ND ND ND ND 0.1
Chloroforim ND ND ND ND ND 0.1
Chioromethane ND ND ND ND ND 0.1
Dibromochloromethane ND ND ND ND ND 0.1
1.2-Dichlorobenzons ND ND ND ND ND 0.2
1.3-Diohlorobanzone ND ND ND ND ND 0.2
1.4-Dichlorobenzene ND ND ND ND ND 0.2
Dichlorodifluoromethane ND ND ND ND ND 0.14
11I-Dichloroothane ND ND ND ND ND 0.2
1.2-Dichioroethane ND ND ND ND ND 0.2
1,1-Dichloroothens ND ND ND ND ND 0.1
trans-1,2-Dichloroothene 61 67 68 99 135 0.1
1,2-Dichloropropane ND ND ND ND ND 0.1
cis-l,3-Dichloropropens ND ND ND ND ND 0.2
transl1,3-Dichloropropene ND ND ND ND ND 0.2
Methylene Chloride ND ND ND ND ND 0.2
1,1,2,2-Tetrachloroethane ND ND ND ND ND 0.1 -.

Tetrachloroethylene 4.5 4.8 5.5 7.7 8.0 0.1
1.11-Trichloroothane ND ND ND ND ND 0.1
1.1.2-Trichloroothans ND ND ND ND ND 0.1
Trichioroethylene ND ND ND 1.1 1.3 0.1
Trichlorofluoromethane ND ND ND ND ND 0.1

Vinyl Chloride ND ND ND ND ND 0.2

RESULTS IN MICROGRAMS PER LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESNT BUT LESS THAN THE QUANTITATIVE LIMIT

LeROY P. GEORGE, GS-12.
_____________________________Chief, Trace Organics Section

REQUEST ING AGENCY (Mailing Addrss)

BROOKS AFB TX

AMD '0" 641 REPLACES 01141 FORM 7DEc 7S. WHICH is OMOLETE.
SEP lia32



LABORATORY ANALYSIS REPORT AND RECORD (General) 2Apr 8

Brooks APR TX 78235
SAMPLE IDENTITYDAERCID

WATER Well no.*3 27 Mar 84
SAMPLE FROMLACOTL-N

OST Otis ANC Base, MA0

VOLATILE AROWTICS

NETRODOLOGY: EPA 602
OREL # 16470 16471 16472 16473 16474
BASE # GN940206 GN840207 0G4840208 GN4840209 0G4840210

DEMNE ND(1.0 ND(l.0 ND<1.O ND(1.0 ND(l.O

CHLOROBENZNE ND(l.O ND(1.0 ND<1.O ND(1.O ND(l.0

l.2-DICE.OROBENZENE ND(2.0 NIX2.O ND(2.0 ND(2.0 ND<2.0

1,3-DICLOROBENZPI4E ND(2.0 ND<2.0 ND(2.0 ND(2.0 ND<2.0

1#4-DICHLOROD3IZENE ND(2.0 ND(2.0 ND<2.0 ND<2.0 ND<2.0

EIYLBEMENDE ND(1.0 ND<1.0 ND(1.0 ND(1.0 ND<1.0

TOLUENE3 ND(I.0 1.1 ND<1.0 2.0 ND(1.0

RESULTS IN MICROGRAMS PER LITE
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE -PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

- - LEROY P. * OORGE
Chief. Trace Organics Section

ERIC A. BANKS, 1Lt, USAF
Chemist, Trace Organics Section

REQUESTING AGENCY (Mailing Address)

USAF OWLIECQ
BROOKS AFB TI 78235

AMD FOR 641 REPLACES OCNL FORM ?,DEC 79. WHICH IS OOLETE.
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Otis4 Apr Bae4M

T HOOLGY EROM METHO 601I
16455Brok 1645 1645 16482159 D.

AE IETT DATE19 GN412 N419 N409 NSO9 IMIT
* ~ AE Wemoicllruth No. 4 27 Hat 840.

*SML ROM LAN NDMRO MRN D .
* BOmmth NG Base MA N ND1.

CEHOOOY: EPNEH D 01 N D .

Bromo-C hloromv nete ND ND ND ND ND 0.1
Choroform ND ND ND ND ND 0.1

* Chormethane ND ND ND ND ND 10
CabonTetrachloride ND ND ND ND ND 0.1
C,2-Dichoroenzen ND ND ND ND ND 0.2
1.3-ioonze ND ND ND ND ND 0.2
2,-DChlorobehlvny oe r ND ND ND ND ND 0.2
Cihlorof ontaa ND ND ND ND ND 0.1
Ch1-iorethano ND ND ND ND ND 0.2
1Di chloroethane ND ND ND ND ND 0.2
1,2-Dichloroeteno. ND ND ND ND ND 0.1
trans 12 Dihorenoethzs ND ND ND ND ND 0.1
1.2-Dichlorobaronsa ND ND ND ND ND 0.1
Dcs-13-Dihluorouropeno ND ND ND ND ND 0.2
1,t1n-13-Dcoro ropen ND ND ND ND ND 0.2
1.2-ithylor Chrid ND ND ND ND ND 0.2
1,122 trchloro etaae ND ND ND ND ND 0.1
Ttrachloroeihylo en 2.1 2.3 1.4 1.8 2.8 0.1

*1.1.-Tichlorortane ND ND ND ND ND 0.1
1,s1.-richloroprohane ND ND ND ND ND 0.1

Triohloroatrhlnn 4.D 4.0 2.6 4.2 ND0 0.1

*Trichlorofluorozethane ND ND ND ND ND 0.1
0Vinyl Chloride ND ND ND ND ND 0.2

RESULTS IN MICROGRAMS PER LIMU
* ND - NONE DETECTED, LESS THAN IRE DETECTION LI MIT
* TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIMIT

LeROY P. GEORGE, GS-12
_____________________________Chief, Trace Orianios Section

* REQUESTING AGENCY (Mailing Address)

BROOKS AnD TX

-AMAD 641 REPLACES OEHL FORM 7,0EC 78. WHICH IS OWLETE.

34



7 777,

LABORATORY ANALYSIS REPORT AND RECORD (General) DAT

Brooks AFB TX 78235
SAMPLE IDENTITY DT EITE

WATER Well No. 4 27 Mar 84
SAMPLE FRO LA NYWrW

Otis ANG Base, MA
TEST FOR

VOLATILE AROMATICS

METHODOLOGY: EPA 602
OWEL # 16460 16461 16462 16463 16464
BASE # GN840196 GNS40197 GN840198 GNS40199 GN840200

BENZENE 2.1 1.7 ND<l.0 1.3 ND(1.O

CULORODENZENE ND<l.0 ND<1.0 NI<l.0 ND<1.0 ND<1.0

1,2-DICHLORODDIZPJ4E ND(2.0 ND<2.0 ND<2.0 ND(2.0 ND<2.0

1,3-DICOROH!IZENE ND(2.O ND<2.0 ND<2.0 ND<2.0 ND<2.0

1,4-DICHOROnB4EZEE ND(2.0 ND<2.0 ND(2.0 ND(2.0 NID(2.0

ETH1LBENZENE ND<l.0 ND0l.0 ND<1.0 NDl.0 ND(l.0

TOLUENE ND<1.0 ND(1.0 ND(1.0 ND(1.0 ND<1.0

RESULTS IN MICROGRAMS PER LITER A
ND - NONE DRETED, LESS THAN THE DETECTION LIMIT
TRACE -PRESNT BUT LESS THAN THE QUANTITATIVE LIMIT

LEROY P.* GEORGE
Chief, Trace Organics Section

ERIC A. BANKS, iLt, USAF
Chemist, Trace Organics Section

REQUESTING AGENCY (AMaiIand Add*a)

USAF OEHL/DCQ
BROOKS AFB TZ 78235

AMD 641 REPLACIES OIEHL. PRN 7, osc 7% wmicS4 is omismr.,

35



DATE

LABORATORY ANALYSIS REPORT AND RECORD (General) 24 Apr 84

I Brooks AFB TX 78235
SAMPLE IDENTY DAERCIE

VAT= Well No. 5 27 Mar 84
SAMPLE FROMLSCNRLM

Otis ANG Base, MA
TEST FO

VOLATILE HALOCARMOS

METODOLOGY: EPA METOD 601
OR # 16445 16447 16448 16449 16450 DET.
BuSE # GtN40131 GNS40193 GN840184 GNS40185 GN840196 LIMIT

Brcinodichlorcsethane ND ND ND ND ND 0.1
Broinoforu ND ND ND ND ND 0.2
Brcomothan ND ND ND ND ND 1.0
Carbon Tetrachloride ND ND ND ND ND 0.1
Chlorobeazene ND ND ND ND ND 0.2
Chloroethane ND ND ND ND ND 0.5
2-Chloroethylvixyl ether ND ND ND ND ND 0.1
Chloroform ND ND ND ND ND 0.1
Chloroinethane ND ND ND ND ND 0.1
Dibrcmoohloromethane ND ND ND ND ND 0.1
1.2-Dichlorobenzeno ND ND ND ND ND 0.2
1,3-Dichlorobenzene ND ND ND ND ND 0.2
1.4-Dichlorobenzone ND ND ND ND ND 0.2
Dichlorodifluoromethano ND ND ND ND ND 0.1
1.1-Dichloroethane ND ND ND ND ND 0.2
1.2-Dichloroothase ND ND ND ND ND 0.2
1,1-Dichlorootheae ND IND ND ND ND 0.1
trans-i ,2-Dichloroethene ND ND ND ND ND 0.1
1.2-Dichloropropase ND ND ND ND ND 0.1
cis-1,3-Dichloropropene ND ND ND ND ND 0.2
trans-1,S-Dichloropropene ND ND ND ND ND 0.2
Methylene Chloride ND ND ND ND ND 0.2
1.1.2.2-Tetrachloroethane ND ND ND ND ND 0.1
Tetrachloroethylens ND ND ND ND ND 0.1
1,11-Trichloroethane ND ND ND ND ND 0.1
1.1.2-Triohloroethane ND ND ND ND ND 0.1
Triahloroethylone ND ND ND ND ND 0.1
Triohlorofluorosethane ND ND ND ND ND 0.1
Vinyl Chloride ND ND ND ND ND 0.2

RESULTS IN MICROGRAMS PUR LITER
ND - NONE DETECTED, LESS THAN THE DETECTION LIMIT
TRACE - PRESENT BUT LESS THAN THE QUANTITATIVE LIM

LeROY P. 0301GBE, OS-12
_____________________________Chief,~ Trace Organic* Section

REQUESTING AGENCY (Maingi Addree)

RR:KS AFB TX 78235

Sap $a 641 REKPLACIIS ORNL FORM 7, DEC 74, WHICH 1S OMOLSTE.
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DATELABORATORY ANALYSIS REPORT AND RECORD (General) 25 Apr 64 0.

7-7Brooks AFS TX 78235
SAMPLEIDENTI DAEY

WATER Well No. 5 27Har684
* SAMPLE FRMLA OTRLM

Otis ANG Base, MA-

TEST Fro
VOLAT ILE AROKATICS,

* MET11ODOLOGY: EPA 602-
OUIL # 16446 16451 16452 16453 16454
BASE # GN40182 GN840187 (14640188 GN940189 GNS40190

BENZEN3E 2.5 ND(l.0 1.9 2.5 2.2

CELOROBENZENE ND<1.0 ND<1.O NDl.0 ND<1.O ND(1.0

1,2-DICLOROBENZENE ND(2.0 ND(2.0 ND(2.O ND(2.O M(X2.0

1,3-DICEAROBENZE4S ND(2.0 ND(2.0 HD(2.0 ND(2.0 ND(2.O

* 1,4-DICULOROBENZD4E ND(2.O ND(2.0 ND(2.0 ND(2.0 ND(2.0

ETHYLBNZEE NIX! .0 NIX! .0 NIX! .0 HD(1.0 30(1.0

TOLUENE ND(1.0 ND(1.0 ND<1.0 NIX1.0 ND(1.0

RESULTS IN MICROGRAMS PER LITER
ND - NONE DKISCEED. LESS THAN THE DETECT ION LIMIT

*TRACE PRJESENT BUT LESS 7HAN THE QUANITITATIVE LIMIT

LEROY P.* GIIORGE %
Chief , Trace Organics Section

ERIC A. BANKS, iLt, USAF
*Chemist, Trace Organic. Section

REQUESTING AGENCY (M411l fnAd*&*&)

* USAF O~fL/ECQ
DROOl AFB TZ 78235

AUD ~t 641 RILPLACES OCNL FQRM 709C 70. WHICH IS 011501.119

37 *U.S. GOVERNMENT PRINTING OFFICE 1964-769-056/43S ---
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